The backstepping design method has been used to design the control system of the Bank-to-turn (BTT) 
Introduction
Along with the air combat environment being increasingly fierce in the future, the mobility of combat aircrafts and missiles would be improved. Bank -To -Turn (BTT) [1] control technology which can meet the challenge is adopted in the new airto-air missile. The new air-to-air missile presents a complex system with the characteristics of nonlinearity, coupling and uncertainty. Since the classical control methods are unable to solve the problem of the air-to-air missile control system, a new control method is proposed.
Backstepping control method is a new way for nonlinear systems, which is often be used in aircraft control system in recent years. In 1998, Corey Schumacher presented a nonlinear six-degree-of-freedom simulation of a maneuver performed with the dynamic inversion controller [2] . In 2006, Hwang designed a guidance and control incorporation algorithm of pitch channel by using backstepping design method [3] .
In this paper, the BTT missile mathematic model is established and the threechannel control system law is designed by using backstepping method. As shown in Fig. 1 , the performance indicators can only draw through the numerical simulation analysis, because it can't be showed with math expression. So a large number of complicated iterative calculations are needed for the optimization of this controller, which makes the calculation too time-consuming to realize.
Figure 1: The Procedure of Performance Evaluation
In order to reduce the amount of calculation, and make the optimization results accurate, an optimization method based on surrogate model is proposed. Surrogate model is constructed by using the experimental design method, which is about how to arrange test mathematical methods. The Latin Hypercube design which is based on random numbers is adopted. Many different surrogate models, including polynomial response model [4] [5] , radial basis function [6, 7] , and Kriging model [8] [9] [10] , have been widely used in engineering applications. In this paper, Kriging model is adopted, which is an unbiased estimation model based on least estimation of variance and fits with the original model better in the whole design space.
Missile Control System Design

BTT Missile Modeling
The principle of BTT missile flight control mode: The roll control loop transfers its max lifting surface to the ideal position according to the guidance law rapidly. At the same time, the pitch loop change the size of attack angle according to the acceleration command in order to provide the required overload to realize the aircraft large angle turning. The yaw loop has stability function to the aircraft, and the sideslip angle is small and neglected generally.
System assumption:
1) The sideslip angle  is close to zero.
2) Ignore the gravity, and the thrust is zero. 
where 11 12 21 ,, a a a , etc.: missile coefficients determined by aerodynamic parameters and state of the missile,    : the rotating angular velocity for x,y,z direction respectively.  : missile roll angle.
Structure of Missile Control System
The BTT missile adopting proportional guidance law and the guidance instructions include longitudinal acceleration 
Constructing Lyapunov equation：
Vz   Derivative of the last equation:
In order to ensure 1 ( ) 0
As a result: 
Then:
According to 2 ( ) 0
It also can be written as:
Then Eq. (9) is plugged into Eq. (8):
where 12 , kk are tunable control parameters, and make 12 0, 0 kk  . 2) Controller design in pitch and yaw channel Introduce new variables 34 , zz and 56 , zz to the pitch and yaw channels respectively, similar to the roll channel:
Construct the Lyapunov function and derivative, respectively: 2  2  2  3  4  32  3  3  3 33  3  3   4  33  3  4  1  34  12 ( , ) ( 
Design the controller, respectively: 
The Missile Control System Optimization
According to the design of control system, there are unknown control parameters, which need to consume a lot of time to determine. This paper introduces the experimental design method (DOE) and approximate surrogate model to establish the prediction model of performance indexes in order to reduce the amount of computation and shorten the design time. After establishing the surrogate model, the genetic algorithm is applied to the control system optimal solution.
Construct the Kriging Approximation Model
A given set of control parameters can get a corresponding output response according to the original model of control system. The form of the output response is 
where n denotes the number of design variables,  is the unknown parameter. Any  can generate a Kriging meta-model.
Introduce a defined function: After the surrogate model is established, the model's performance is evaluated by using Error of mean square root. The expression is: The smaller RMS is, the higher accuracy surrogate model can be obtained.
Optimal Algorithm
Genetic optimization algorithm is adopted in this paper based on the established surrogate model.
The genetic algorithm (GA) is a kind of probability searching and optimization method which simulates the natural evolution, drawing on Darwin's theory of evolution and Mendelism. Since biological evolution is mainly done through crossover and mutation between chromosomes, the genetic algorithm is based on the principle of survival of the fittest. Each run of genetic algorithm will create a new approximate optimal solution and this process leads to the evolution of the individuals in the population just as the reconstruction of nature. Individuals coded as strings according to a certain program. Binary string is the most commonly used in genetic algorithm. Many scholars have designed many different coding methods to imitating biological genetic characteristics under different environment for different problems. The different kinds of genetic algorithm are formed by different coding methods and genetic operators.
Assuming the control parameters 35 , kk are fixed value. Optimization problem can be expressed as follows: Given parameter: P Solution: 
The Results of Simulation and Analysis
The given parameters [12] are listed in Table 1 . The optimization results based on the surrogate model are shown in Table 2 . The results of the original simulation model based on the optimization parameters are showed in Fig.4, Fig.5 and Fig.6 . It can be seen from Fig. 4 that the response curve of attack angle  is conform to the requirements. As shown in Fig. 5 , the sideslip angle  is steady at near zero. In Fig. 6 , the output of roll angle  can track the changes of the input command rapidly and smoothly.
The results of simulation verify the efficiency of the method. 
Conclusion
Due to the experimental design method is adopted in the process of Kriging metamodeling, a high-precision predictive model as close as possible to the original model of control system can be constructed with fewer sample points. Then the optimization parameters based on the predictive model were used in the original numerical simulation model, and the results verified the efficiency of the method. The method can quickly provide the corresponding control parameters for different control requirements, and the simulation results are reliable. This research results can provide a reference for optimization of backstepping control method.
